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ABSTRACT
Context. The determination of the distance to dark star-forming clouds is a key parameter to derive the properties of the cloud itself,
and of its stellar content. This parameter is still loosely constrained even in nearby star-forming regions.
Aims. We want to determine the distances to the clouds in the Chamaeleon-Musca complex and to explore the connection between
these clouds and the large scale cloud structures in the galaxy.
Methods. We use the newly estimated distances obtained from the parallaxes measured by the Gaia satellite and included in the
Tycho–Gaia Astrometric Solution catalog. When known members of a region are included in this catalog we use their parallaxes to
infer the distance to the cloud. Otherwise, we analyze the dependence of the color excess on the distance of the stars and look for a
turn-on of this excess, which is a proxy of the position of the front-edge of the star-forming cloud.
Results. We are able to measure the distance to the three Chamaeleon clouds. The distance to Chamaeleon I is 179+11+11−10−10pc, where
the quoted uncertainties are statistical and systematic uncertainties, respectively, ∼20 pc further away than previously assumed. The
Chamaeleon II cloud is located at the distance of 181+6+11−5−10pc, which agrees with previous estimates. We are able to measure for the
first time a distance to the Chamaeleon III cloud of 199+8+12−7−11 pc. Finally, the distance of the Musca cloud is smaller than 603
+91+133
−70−92
pc. These estimates do not allow us to distinguish between the possibility that the Chamaeleon clouds are part of a sheet of clouds
parallel to the galactic plane, or perpendicular to it.
Conclusions. We have measured a larger distance to the Chamaeleon I cloud than assumed in the past, confirmed the distance to the
Chamaeleon II region, and measured for the first time the distance to the Chamaleon III cloud. These values are consistent with the
scenario where the three clouds are part of a single large scale structure. Gaia Data Release 2 will allow us to put more stringent
constraints on the distances to these clouds by giving us access to parallax measurements for a larger number of members of these
regions.
Key words. stars: distances - stars: formation - ISM: clouds; dust, extinction - Galaxy: open clusters and associations: individual:
Chamaeleon
1. Introduction
Star forming regions in the solar neighborhood are ideal labora-
tories to study pre-main-sequence (PMS) evolution and proper-
ties of star-forming clouds. One key parameter in these studies
is the distance to the objects. Many physical properties, such as
cloud size and mass, stellar luminosity and space motion depend
on distance. Any uncertainty in the distance estimate directly
translates into uncertainty in the deduced age, mass and other
property of Young Stellar Objects (YSOs).
To date, the major limitation in the estimate of the distance
to star-forming clouds is the lack of directly measured paral-
laxes for large number of stars, which are mainly available from
the Hipparcos parallaxes (Perryman et al. 1997) for the brightest
nearby stars. Therefore, photometric determined distances have
been used in the past (e.g., Whittet et al. 1997) to derive dis-
tances with relatively high uncertainties. The Gaia mission (Gaia
Collaboration et al. 2016b) is overcoming this limitation. In par-
ticular, the Tycho-Gaia Astrometric Solution (TGAS) from the
? e-mail: jordan.voirin@gmail.com
?? ESA Research Fellow; Current address: European Southern Ob-
servatory, Karl-Schwarzschild-Str. 2, D-85748 Garching bei München,
Germany, e-mail: cmanara@eso.org
first Gaia data release (Gaia Collaboration et al. 2016a) already
provides parallaxes to stars down toG ∼ 12 mag. TGAS data can
be used to determine distances both of members of a given star-
forming cloud or to field stars in its vicinity. Here we use this
information to determine the distance to the nearby Chamaleon-
Musca star-forming complex.
The proximity of the Chamaeleon–Musca star forming com-
plex has triggered many studies of the system and its PMS pop-
ulation. The complex contains four dark clouds: Chamaeleon I,
II, III, and Musca (Luhman 2008). These objects are visible in
the Gaia stellar density map shown in Fig. 1. The extinction of
the central parts of the clouds is so high that very few stars can
be seen through to the limiting magnitude G < 20.7 of Gaia. The
complex is located southwards of the Galactic plane around l =
300◦, b = −15◦.
The distance to the Chamaeleon I dark cloud has been exten-
sively discussed in the literature. The previous results vary be-
tween 115 and 215 pc (Schwartz 1992). In Whittet et al. (1987),
the analysis of the reddening of field stars along the line of sight
led to a distance estimate of 140 ± 12 pc. In Franco (1991) the
distance to the cloud is also found to be 140 pc. The latest result
by Whittet et al. (1997) combined the method of reddening turn-
on with other distance indicators and deduced 160 ± 15 pc. This
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Fig. 1. Gaia star density map of the Chamaeleon–Musca region. The
figure is a 11◦ × 13◦ field centred on the coordinates (l = 300.5◦, b =
−13.3◦)
is the commonly assumed distance to the stars in this region (e.g.
Luhman 2008).
The distance to Chamaeleon II is more difficult to pin down
and consequently less certain. Initially, this was constrained to be
within 115 pc and 400 pc (Graham & Hartigan 1988). In Franco
(1991) the analysis of the extinction distribution along the line of
sight gave a distance of 158 ± 40 pc. Hughes & Hartigan (1992)
deduced a distance of 200 ± 20 pc. In Whittet et al. (1997), the
distance to the Chamaeleon II cloud was found to be 178 ± 18
pc.
For the Chamaeleon III dark cloud the distance is poorly con-
strained in the literature. Whittet et al. (1997) gives an estimate
using the assumption that the Chamaeleon star forming region is
on a sheet of clouds parallel to the galactic plane (as later dis-
cussed in Sect. 4.2). Using this assumption their estimate was
140–160 pc.
The Musca cloud is located northwards of the Chamaeleon
region (see Fig. 1). It is a thin elongated dark cloud possibly
about to start forming stars (Cox et al. 2016). Its distance is
not well constrained in the literature partly due to the fact that
no PMS stars have been identified at optical wavelengths in the
cloud. Franco (1991) argues that it is part of the Chamaeleon
system and thus should be around 140 pc.
The paper is structured in five sections. After the introduc-
tion, Sect. 2 presents the methods used to determine the distances
to the clouds. In Sect. 3 results are given individually for each
cloud. Sect. 4 addresses the question of the physical structure of
the Chamaeleon–Musca complex as well as the impact on PMS
properties of the newly deduced distances. Finally, in Sect. 5 we
summarize our conclusions.
2. Methods to determine cloud distances
Two different methods are used to determine the distances to the
clouds in the Chamaeleon-Musca complex, and we describe both
methods in this section.
2.1. Members distance
The distance to a single star may be unreliable as an indication
of the distance to a cluster of young stars. Taking advantage of
the fact that stars often form together and analyzing distances to
all members of a cluster it is possible to have a more reliable
estimate. Photometric distances to PMS stars are uncertain as
standard colors, extinction and luminosity are all poorly known.
By far a more reliable way is to have a direct trigonometric mea-
surement.
We use PMS stars for which the parallax has been directly
measured with Gaia. At this stage this is limited to the TGAS
catalog (Gaia Collaboration et al. 2016a). The trigonometric
parallaxes have been converted to distances by assuming an
anisotropic prior derived from the observed stars in a Milky Way
model as discussed in Astraatmadja & Bailer-Jones (2016), us-
ing the values obtained without including the systematic uncer-
tainties on the parallaxes. In the following we adopt the mode
value of the inferred distances plus or minus the difference to
the 5 and 95 percentile of the posteriors, following Bailer-Jones
(2015). This implies that the uncertainties we quote on the TGAS
distances correspond to a 2σ uncertainty.
The distance to a region determined using the distances to
individual confirmed members is then taken as the inverse of the
mean value of the parallax to the members, weighted for their
squared 1σ uncertainty, following e.g., de Zeeuw et al. (1999).
2.2. Reddening turn-on distance
The second method is based on the principle that the presence of
a cloud results in an sudden increase of the extinction at the dis-
tance of the front edge of the cloud. By using the measurements
of field stars in the line of sight toward a cloud, it is possible to
deduce a distance where the increase of the extinction happens.
This method is particularly useful in the Chamaeleon complex,
given its vicinity and apparent lack of material in front of the
clouds (Whittet et al. 1997; Corradi et al. 1997). Indeed, this
method has limitations if applied to non-homogeneous clouds,
where a background star could be located on the line-of-sight of
the cloud but observed at negligible extinction, or in cases where
significant extinction is present in front of the cloud.
We use only stars for which the parallax has been directly
measured with Gaia (Gaia Collaboration et al. 2016b). We se-
lect the stars spatially located in the line of sight to the clouds.
The cloud extent is determined using the Infrared Astronomical
Satellites (IRAS) 100µm flux map1 (Schlegel et al. 1998).
The B−V color excess (E(B−V)) caused by extinction, is given
by the following formula:
E(B−V) = (B − V)obs − (B − V)int, (1)
1 The maps are taken from the NASA/IPAC Infrared Science Archive
(IRSA) website http://irsa.ipac.caltech.edu/applications/
DUST/
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Fig. 2. Comparison of (B − V)int to Teff relations for dwarfs and sub-
giants.
where (B − V)obs is the observed color of a star in the Johnson–
Cousins system and (B − V)int is the intrinsic color in the
Johnson–Cousins system.
The observed colors are computed from the Tycho 2 pho-
tometry in the BT and VT bands (Høg et al. 2000) by trans-
forming to the Johnson–Cousins system as discussed in Perry-
man et al. (1997). The intrinsic colors depend on the spectral
type (SpT) and the luminosity class of the star. Here, we use
the relations between the spectral type and the intrinsic color by
Gottlieb (1978) and Pecaut & Mamajek (2013). We use the com-
pilation by Pecaut & Mamajek (2013) for dwarfs and sub-giants
with spectral type between K1 and M5, and the one by Gottlieb
(1978) for earlier type sub-giants, for giants, and for stars with
luminosity class I and II. The consistency of the two catalogs
is shown in Fig.2. The difference between the two is in general
small and always ≤ 0.1 magnitude for dwarfs and ≤ 0.15 magni-
tude for sub-giants.
The spectral types for the stars in our sample are taken from
the reference reported in Simbad (Wenger et al. 2000), and these
are reported in Tables 3, 4, 5, and 6. When missing, we deter-
mine the luminosity class of the stars using a color magnitude
diagram (CMD), as discussed in Appendix A. There are stars for
which Simbad reports only the effective temperature (Teff)2. We
determine their spectral type using the Teff-SpT relation corre-
sponding to the luminosity class determined from the CMD. The
Teff-SpT relations are taken from Pecaut & Mamajek (2013) for
dwarfs and sub-giants, while the one for giant stars is a combi-
nation of Perrin et al. (1998) and Alonso et al. (1999).
2 The effective temperatures for the stars with no spectral type are ei-
ther from Kordopatis et al. (2013) or Ammons et al. (2006). In Kor-
dopatis et al. (2013) the effective temperatures are deduced from spec-
troscopy using a combination of two different algorithms, a projection
method called MATISSE (Recio-Blanco et al. 2006) and a decision-tree
method called DEGAS (Bijaoui et al. 2012). The spectra of the stars
are fitted to synthesized MARCS model atmospheres (Gustafsson et al.
2008). In Ammons et al. (2006) the effective temperatures are photo-
metrically computed using a χ2-optimized fitting polynomials method.
Perrin et al. (1998) and Alonso et al. (1999) use also photometric deter-
mination by utilizing a minimization method.
The uncertainty on the color excess is computed using the
following formula,
σE(B−V) =
√
σ2(B−V)obs + σ
2
(B−V)int , (2)
where σE(B−V) is the uncertainty on color excess, σ(B−V)obs is the
uncertainty on the observed color and σ(B−V)int is the uncertainty
on the intrinsic color. The uncertainty on the observed color de-
pends on the uncertainty of the Tycho-2 magnitude measure-
ments,
σ(B−V)obs = 0.85 ∗
√
σ2Bt + σ
2
Vt
, (3)
where σBt is the uncertainty on Bt magnitude, σVt is the un-
certainty on Vt magnitude and the factor comes from the trans-
formation between the instrumental magnitude system and the
Johnson–Cousins system. The uncertainty on the intrinsic color
is directly linked to the spectral type uncertainty. The latter is
assumed to be of one sub-class consistent with other work (An-
dersson et al. 2011; Torres et al. 2006). In the case of stars with
only the effective temperature, its uncertainty comprises the un-
certainty on the spectral type. For estimating the uncertainty on
the intrinsic color the uncertainty of the spectral type is used.
The distance to the cloud is derived from the analysis of the
extinction distribution along the line of sight toward field stars.
The absorption due to the cloud material causes an increase of
the color excess indicating the onset of extinction due to the
cloud. The front edge of the cloud lies in the interval between the
non-reddened field stars in front of the cloud and the reddened
stars behind it. The distance to the cloud is defined as the inverse
of the weighted mean parallax of the last non-reddened on-cloud
star and the first reddened star. Practically, it means that the star
in front of the edge of the cloud must have E(B−V) +3σE(B−V) ≤ 0.2
mag and the star after the edge must have a E(B−V) − 3σE(B−V) ≥ 0
mag to be included in the analysis of the cloud distance. The
choice of 0.2 mag is driven by the fact that our measurements on
not reddened stars lead to negative value of the colors as large
as ∼-0.2 mag, which is then considered as our systematic uncer-
tainty.
3. Results
We present the results for each cloud independently. For the
Chamaeleon I cloud both analysis methods could be used, since
eight of its confirmed members are included in the TGAS cata-
log. On the contrary, only the reddening turn-on method can be
used to constrain the distance of the other clouds.
3.1. Chamaeleon I
3.1.1. Members analysis
The Chamaeleon I star-forming region comprises more than 200
members (Luhman 2004, 2007; Luhman & Muench 2008). We
have searched in the TGAS catalog (Gaia Collaboration et al.
2016a) for members of this region and found that eight of the
brightest objects are included. The limited number of matches
is due to the magnitude limit (G ∼12 mag) of the TGAS cata-
log. Five of these targets were already included in the Hipparcos
catalog (van Leeuwen 2007). Their parallaxes and distances are
reported in Table 1, obtained inverting the parallax for the Hip-
parcos data and from Astraatmadja & Bailer-Jones (2016) for
TGAS data, and including the errors on these values. While for
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Fig. 3. Top: TGAS parallaxes (piTGAS) vs. Hipparcos parallaxes (piHip)
to the five members of Chamaeleon I included in both Hipparcos cata-
log (van Leeuwen 2007) and TGAS catalog (Gaia Collaboration et al.
2016a). The black line represents the one to one relation. Bottom: Same
for distances, taken as inverse of the parallax for Hipparcos data and
from Astraatmadja & Bailer-Jones (2016) for TGAS (see Table 1). Un-
certainties on both axes are as discussed in Table 1, and they correspond
to 1σ uncertainty for the Hipparcos values, and 2σ for TGAS.
parallaxes the 1σ uncertainty is reported, for distances we com-
pute the 1σ asymmetric error on the Hipparcos distances from
the inversion of the parallax plus or minus its error, and we re-
port the difference to the 5 and 95 percentile of the median of the
TGAS distance reported by Astraatmadja & Bailer-Jones (2016).
We note that the latter is a 2σ uncertainty. The comparison be-
tween the parallaxes and the corresponding inferred distances
reported in the two catalogs is shown in Fig. 3. The new esti-
mates of the parallaxes and their inferred distances to these five
objects with TGAS are larger than the Hipparcos ones in four
cases, although the two sets of values are compatible within their
uncertainty.
The positions and proper motions vectors for the eight pre-
viously reported members are shown in Fig. 4. These objects
are located in different parts of the cloud, spanning from the
dust cloudlet on the north end to the dust-depleted region to
the south, and their individual distances range from ∼160 pc to
∼200 pc, with typical uncertainties of 8-9 pc. There is a hint
of a north-south distance gradient, with the target TYC 9410-
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Fig. 4. IRAS maps of the Chamaeleon I region at 100 µm (Schlegel et al.
1998). The six contours range from 8MJy/sr to 30 MJy/sr. The positions
of the members of this region included in the TGAS catalog are repre-
sented with red circles. The red arrows represent their displacement in
105 years. The Tycho-2 or Hipparcos name and TGAS distance of each
star are reported as labels for each object.
1954-1, located in the northern cloudlet, having a distance of
162+14−11 pc, stars in the dense region at the center having distances
between ∼180-190 pc, and the star on the southern part, TYC
9414-33-1 having a distance of 207+17−13 pc. However, this could
also indicate that the north cloudlet is separated from the main
Chamaeleon I cloud, and lays ∼ 20 pc closer to us, or even that
the Chamaeleon I cloud is actually composed by three different
regions. We are not yet in a position to discriminate between
these hypotheses due to the still large uncertainties on the dis-
tances and to the limited number of targets. Therefore, we will
consider the objects in this cloud to be located at a single dis-
tance.
To determine the distance of the Chamaeleon I cloud based
on the distances to its individual members we first note that two
of these members have different proper motions and distances
with respect to the other members. These are TYC 9414-33-1,
which is located outside the cloud on the southern side at a dis-
tance of almost 210 pc, and TYC 9410-1954-1, which is at ∼160
pc and in the northern cloudlet. The former is considered a mem-
ber of Chamaelon I since it has a proper motion direction similar
to other members of this region which are too faint to be in the
TGAS catalog (Lopez Martí, B. et al. 2013). We determine the
distance to the Chamaeleon I cloud by performing a weighted
mean over the parallaxes to the other six members, and we in-
vert this mean parallax to obtain:
d¯Chamaeleon I, members = 188+6+11−6−10 [pc], (4)
where the uncertainties are 1σ statistical and systematic3 uncer-
tainties, respectively. This value would be 188+3+11−3−10 pc if TYC
9410-1954-1 is also included, and 189+3+11−3−10 pc if all the eight
3 All TGAS parallaxes have a systematic uncertainty of 0.3 mas (Gaia
Collaboration et al. 2016a). This is already included in the individual
uncertainties on parallaxes in the TGAS catalog, but it affects any mean
value, as well, and is therefore always reported in this work.
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Table 1. Hipparcos and TGAS parallaxes and inferred distances of the five members of Chamaeleon I included in both catalogs.
Tycho 2 Id HIP Gaia DR1 Id piHip [mas] dHip [pc] piTGAS [mas] dTGAS [pc]
TYC 9414-33-1 52712 5200988654226855680 5.70±0.96 175 +36−25 4.84±0.21 207 +17−13
... 54365 5201129116838179328 4.49±1.59 223+122−58 5.06±0.22 198+16−13
TYC 9414-795-1 54413 5201128120405767040 6.31±0.62 158 +17−14 5.59±0.26 179 +16−12
TYC 9410-2805-1 54557 5201344071360118016 5.60±0.88 178 +33−24 5.43±0.23 185 +14−11
TYC 9410-60-1 54744 5201295314892489728 6.97±2.86 143 +100−42 5.03±0.22 199+17−13
Notes. Parallaxes from the Hipparcos mission are taken from van Leeuwen (2007), and converted to distances as the inverse of the parallax,
with the errors calculated using the inverted parallax plus or minus the 1σ uncertainty. Parallaxes of Gaia DR1 (TGAS) are taken from Gaia
Collaboration et al. (2016a). Distances are the mode of the posteriors obtained converting the trigonometric parallaxes assuming an anisotropic
prior (Table 3, without systematic uncertainties of Astraatmadja & Bailer-Jones 2016), and the uncertainties are the difference between the 5th and
95th percentile to the mode of the posterior.
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Fig. 5. IRAS maps of Chamaeleon I region in 100 µm flux (Schlegel
et al. 1998). The six contours range from 8MJy/sr to 30 MJy/sr. Red
stars represent the known members of Chamaeleon I taken from Luh-
man (2007) and Luhman & Muench (2008). Blue circles are the TGAS
stars selected for our analysis.
members included in the TGAS catalog are considered. All these
values are consistent within their statistical uncertainties, and we
thus use the value reported in Eq. 4 as a reference in the follow-
ing.
3.1.2. Reddening turn-on analysis
The reddening turn-on method described in Sect. 2.2 is used here
to obtain a distance to the Chamaeleon I cloud that is indepen-
dent on the one based on the distances to the members, and also
obtained using the distances to more stars, both in or close to the
cloud. To determine which stars can be used in this analysis we
first compare the position of the members of the Chamaeleon I
region (Luhman 2007; Luhman & Muench 2008) and the dust
cloud density map (Schlegel et al. 1998) with the position of all
the stars included in the TGAS catalog. We then select only 59
stars from the TGAS catalog that are located on the line-of-sight
of the cloud, or in its vicinity. The TGAS stars selected with this
criterion are shown in Fig. 5. The number density of stars in the
TGAS catalog located on the line-of-sight of the densest parts of
50 75 100 125 150 175 200 225 250
distance [pc]
0.2
0.0
0.2
0.4
0.6
0.8
1.0
E B
V
Fig. 6. Extinction distribution along the line of sight for stars located on
the line-of-sight of the Chamaeleon I cloud. The dashed line represents
the position of the front edge of the cloud determined by the reddening
turn-on method, and the gray shaded region its 1σ uncertainty. The red
dotted line is the average distance of the members, shown here for com-
parison, and the red shaded region is the 1σ uncertainty on this value,
either statistical (darker red region) or systematic (lighter red region).
The members of the Chamaeleon I region are represented with stars, the
field stars for which both spectral type and luminosity class are reported
in the literature are shown with circles, whereas triangles are used for
the objects for which we estimate the luminosity class ourselves. Sym-
bols colored in red are used for the stars with color excess larger than
0 at 3σ, in black with color excess <0.2, and in gray when the uncer-
tainties are too large to be considered in either of these two categories.
We highlight with black circles the stars used to compute the distance
of the reddening turn-on, thus the front edge of the cloud.
the cloud is lower than around the cloud due to the magnitude
limit of the TGAS catalog.
Both spectral type and luminosity class are available for all
the eight Chamaeleon I members included in the TGAS catalog
and for 35 other stars selected for the analysis. In addition, we
derive the luminosity class for six field stars in the TGAS catalog
missing this information from the literature, and for 18 field stars
in the TGAS catalog for which only the effective temperature
is estimated in the literature. As shown in Appendix A, 22 of
these stars are dwarfs and two have luminosity class between
sub-giants and dwarfs (see Table 3).
We show in Fig. 6 the measured E(B−V) color excess versus
the distance obtained from the TGAS parallax for all the stars.
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Table 2. Members of Chamaeleon I included in the TGAS catalog
Name Ra (ICRS) Dec (ICRS) Vt Bt SpT Ref.
TYC 9414-33-1 161.657371 -77.601034 9.42 10.14 F0V 1
TYC 9414-186-1 164.778625 -77.027854 11.79 13.28 K4Ve 4
TYC 9410-1954-1 166.490488 -76.130243 7.70 7.87 B6IV/V 1
TYC 9414-787-1 166.563573 -77.365761 11.20 13.09 G5Ve 4 ...
HIP 54365 166.835926 -77.635358 11.02 11.84 G2Ve 2
TYC 9414-795-1 167.013356 -77.654853 8.49 8.85 A0Vep 4
TYC 9410-2805-1 167.458029 -76.613256 9.08 9.48 B9V 1
TYC 9410-60-1 168.115046 -76.739532 11.21 12.24 G9Ve 2
pi [mas] σpi [mas] µα [mas/yr] σµα [mas/yr] µδ [mas/yr] σµδ [mas/yr] E(B−V) σE(B−V) d [pc] +2σd −2σd
4.84 0.21 -28.65 0.15 -9.02 0.13 0.927 0.291 207 +17 -13
5.32 0.22 -22.76 0.26 2.21 0.24 0.164 0.393 188 +15 -11
6.21 0.28 -22.35 0.04 0.69 0.03 0.411 0.139 162 +14 -11
... 5.72 0.78 -27.08 3.83 6.04 1.75 0.318 0.144 178 +68 -29
5.06 0.22 -22.51 0.20 1.30 0.17 0.093 0.199 198 +16 -13
5.59 0.26 -22.46 0.05 1.25 0.05 0.309 0.159 179 +16 -12
5.43 0.23 -21.43 0.10 -0.28 0.09 0.050 0.181 185 +15 -11
5.03 0.22 -21.69 0.33 -0.86 0.29 0.260 0.079 199 +17 -13
References.
- Spectral type reference : (1) Houk & Cowley (1975); (2) Appenzeller (1977);(3) Irvine & Houk (1977); (4) Torres et al. (2006).
- Vt and Bt are taken from Høg et al. (2000).
- Proper motions are taken from TGAS (Gaia Collaboration et al. 2016a).
- Distances are taken from Astraatmadja & Bailer-Jones (2016) computed with TGAS parallaxes assuming a Milky Way prior. The assumed
distance is the mode of the posteriors, and the quoted 2σ uncertainties the difference between this value and the 5 and 95 percentile values,
respectively.
We observe a turn-on of the color-excess, which we consider the
distance of the front edge of the cloud, at a parallax of 5.60±0.34
mas, corresponding to a distance of:
dChamaeleon I = 179+11+11−10−10 [pc], (5)
where the uncertainties are 1σ statistical and systematic uncer-
tainties, respectively. The weighted mean parallax is obtained
from the measured parallaxes of the two objects used in the com-
putation, and the statistical uncertainty is obtained propagating
their individual uncertainties. The distance is derived inverting
the parallax, and the statistical and systematic uncertainties by
computing the difference between the distance and the inverted
parallax plus or minus the statistical or systematic uncertainties.
This value is compatible within the 1σ uncertainties with the dis-
tance determined considering only the members of Chameleon I.
This agreement confirms that both methods are viable to derive
distances to star forming regions, and we will thus use the red-
dening turn-on method in the following to measure the distances
to the other Chamaeleon clouds, where no members are included
in the TGAS catalog. The discrepancy on the nominal values of
the distances determined with the two methods is also possibly
ascribed to the fact that they probe two different regions of the
cloud. The reddening turn-on method measures the distance to
the front-edge of the cloud, while the mean distance of the mem-
bers is sensitive to the radial extent of the cloud itself. Assuming
that the cloud is as deep as it is extended in the sky, namely ∼
2◦, ∼ 7 pc at 179 pc, the difference in the nominal values is con-
sistent with this possibility. Since we know that stars form at all
positions within the star-forming clouds and that the selection of
members of the region included in the TGAS catalog is highly
incomplete and biased by the magnitude limit of this catalog, and
thus by the intrinsic luminosity of the targets and by the amount
of reddening on the line-of-sight, we consider the distance of the
front-edge of the cloud as the real distance to the Chamaeleon I
cloud.
We note that this newly estimate distance for the
Chamaelon I region is compatible within 1σ uncertainties with
the previous estimate of 160±15 pc (Whittet et al. 1997), but that
the nominal value is 19 pc further away than assumed. This dis-
crepancy is due to the fact that the distances derived from the
TGAS parallaxes are statistically significantly larger than the
photometric distances for the same stars used by Whittet et al.
(1997), which are reported in Table B.1 and shown in Fig. 7.
Thus, some stars considered to be in front of the cloud by Whit-
tet et al. (1997) are actually behind the cloud. We discuss that the
possible reasons for the difference is an incorrectly estimated lu-
minosity class in the previous works in Appendix B.
3.2. Chamaeleon II
The distance of the Chamaeleon II cloud is derived here us-
ing solely the reddening turn-on method, since no members of
this region are included in the TGAS catalog due to their faint-
ness. Fig. 8 shows the position of the known members of the
Chamaeleon II region and of the 44 stars included in the TGAS
catalog located on the line-of-sight of this region and used for
the analysis.
Both spectral type and luminosity class are available from
the literature for 28 of the TGAS stars on the line-of-sight of
the Chamaeleon II cloud. For the remaining stars, the luminosity
class is missing in five cases, and only the effective temperature
is reported for 11 stars. These luminosity classes are computed
as discussed in Appendix A, and we find that they are always
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Fig. 7. Comparison of photometric distances (dphot) vs. TGAS distances
(dTGAS) for the Whittet et al. (1997) stars that are relevant for the com-
putation of the onset. The black line represents dTGAS = dphot.
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Fig. 8. IRAS 100 µm flux maps of Chamaeleon II region. The six con-
tours range from 8MJy/sr to 30 MJy/sr. Red stars represent the con-
firmed members of Chamaeleon II reported in Spezzi et al. (2008). Blue
circles are the TGAS stars in this field of view.
dwarfs, apart from two cases where they are between sub-giants
and dwarfs (see Table 4).
We thus compute the E(B−V) color excess for these targets,
and this is shown as a function of their distance in Fig. 9. The
distance of the reddening turn-on, and thus of the front-edge of
the cloud, is found to be at a parallax of 5.53±0.16 mas, corre-
sponding to a distance of:
dChamaeleon II = 181+6+11−5−10 [pc],
which is well compatible with the previous estimate of 178±18
pc by Whittet et al. (1997), and definitely rules out the hypothesis
of much larger distances of 400 pc previously claimed for this
cloud.
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Fig. 9. Color excess as a function of distance for stars included in the
TGAS catalog and located on the line-of-sight of the Chamaeleon II
cloud. The dashed line represents the position of the cloud front edge,
and the gray shaded region its uncertainty. Other symbols are as in
Fig. 6.
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Fig. 10. IRAS maps of Chamaeleon III region in 100 µm flux. The six
contours range from 8 MJy/sr to 30 MJy/sr. Blue circles are the TGAS
stars in this field of view.
3.3. Chamaeleon III
The Chamaeleon III region is less studied than the previous ones,
and no information about its young stellar population is avail-
able. We thus select for the analysis of its distance the 39 stars
included in the TGAS catalog which are located on the line-of-
sight of the cloud, as shown in Fig. 10. For only nine of these
stars we are able to find in the literature both spectral type and
luminosity class information, while we determine the luminosity
class for nine additional stars missing this information, and for
the remaining 21 stars for which only the effective temperature
is reported. As discussed in Appendix A, all but five of these
stars are main sequence stars, while the others are in between
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Fig. 11. Color excess versus distance for the stars located on the line-of-
sight of the Chamaeleon III cloud. The black dashed line represents the
position of the cloud front edge, while the blue dashed line is the dis-
tance to the Chamaelon I and II clouds. Other symbols are as in Fig. 6.
sub-giants and dwarfs in three cases, and sub-giants in the last
two cases (see Table 5).
We compute the color excess for all these stars and show
it versus their distances in Fig. 11. This allows us to locate the
distance of the front edge of the cloud at a parallax of 5.19±0.21
mas, corresponding to a distance of:
dChamaeleon III = 193+8+12−7−11 [pc].
Compared to the distances to the other clouds, this value is to
be considered slightly more uncertain due to the higher level of
structuring of this cloud (see Fig. 10). It is possible that some
denser cloudlets are closer, which makes the analysis more un-
certain4. Furthermore, a smaller number of stars are available for
the analysis. In any case, this value represents the first ever esti-
mate of the distance of this cloud, and confirms that its distance
is compatible with the one of the other two clouds, although the
nominal value is ∼10-15 pc further away. This result suggests
that it is possible that these three Chamaeleon clouds are higher
density star-forming regions of a single larger cloud structure.
3.4. Musca
The Musca cloud is an elongated and much narrower structure
in the sky than the Chamaeleon clouds. We show the extent of
this cloud in Fig. 12, together with the position of the 76 stars
included in the TGAS catalog that are selected to determine the
reddening turn-on distance for this cloud. For only six of these
stars both spectral type and luminosity classes are reported in the
literature, while for the remaining 70 stars only the effective tem-
perature is available, and we derive their luminosity class as dis-
cussed in Appendix A. We find that 20 of these stars are dwarfs,
one is in between sub-giant and dwarf, 22 are sub-giants, and 27
are giants (see Table 6).
The analysis of the color excess versus distance for these 76
stars, shown in Fig. 13, does not allow us to constrain the dis-
tance of the front edge of the Musca cloud. We can only infer
4 We note that the well known T Cha star is projected between
Chamaeleon III and Chamaleon I in the sky, but it is actually in fore-
ground at d=107 pc.
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Fig. 12. IRAS maps of Musca region in 100 µm flux. The six contours
range from 8MJy/sr to 30 MJy/sr. Blue circles are the TGAS stars in
this field of view.
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Fig. 13. Extinction distribution along the line of sight of Musca. Sym-
bols as in Fig. 6. The dashed line is the inverted mean value of the
parallaxes of the first two reddened stars, with its statistical uncertainty
shown with a gray region.
the mean parallax of the two closest significantly reddened stars,
which is found to be 1.66±0.22, corresponding to a distance of
603+91+133−70−92 pc. This can be considered as an upper limit on the
distance to this cloud. The impossibility to derive a more strin-
gent constraint on the distance to this cloud is due to the large
uncertainties on the color excess of the stars on the line of sight,
mainly due to the fact that only the effective temperature is avail-
able for the vast majority of these stars, and that these temper-
atures are in many case photometrically computed, thus more
uncertain.
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Table 7. Summary of the distances to the clouds studied here
Name Distance [pc]
Chamaeleon I 179+11+11−10−10
Chamaeleon II 181+6+11−5−10
Chamaeleon III 193+8+12−7−11
3.5. Summary
We report the final distances to the four clouds analyzed here
in Table 8. The distances to the Chamaeleon I is found to be
∼20 pc larger than previously assumed, although the difference
is still compatible within the measurement uncertainties. On the
contrary, the Chamaeleon II cloud is confirmed to be at a distance
of ∼180 pc, and is found to be almost at the same distance as the
Chamaeleon I cloud.
We are able to report for the first time a distance estimate to
the Chamaeleon III cloud, which is consistent with the idea that
the three Chamaeleon clouds are part of a single cloud struc-
ture, and significantly larger than the previously assumed dis-
tance to this cloud. Finally, the distance to the Musca cloud is
only loosely constrained to be closer than 600 pc, with a large
uncertainty.
4. Discussion
4.1. Impact of the new distance estimate on stellar
properties of Chamaeleon I stars
As noted in the introduction, the distance is a key parameter in
the computation of several stellar properties, in particular the
stellar luminosity (L?). This value is used together with the ef-
fective temperature and evolutionary models to derive the stellar
mass (M?) and age. We have determined that the distance to the
Chamaeleon I region is 179+11+11−10−10 pc, and not 160±15 pc as pre-
viously assumed. Although the two values are compatible within
their uncertainties, here we explore the impact of the difference
in the nominal value of the distance on the stellar properties of
the young stellar objects in this region.
We use in the following the values of L? determined with
spectroscopy and assuming a distance of 160 pc by Manara et al.
(2016, 2017). The stellar luminosity is modified by a factor equal
to the squared ratio of the new and previous distance estimate
d2179pc/d
2
160pc. This implies that L? is higher by 25% due to the
larger distance estimate. The difference in the values of L? is
shown on the Hertzsprung-Russel diagram (HRD) in Fig. 14.
The values of L? obtained using the newly derived distance to the
Chamaeleon I region are still compatible within 1σ with those
using the previously used distance.
In turn, the mass and the age of the stars are also affected by
the different value of the distance to the region, and we compute
the new values using the evolutionary models by Baraffe et al.
(2015). The variations on the stellar masses are negligible, since
this value mainly depends on the temperature of the stars for
low mass stars at this evolutionary stage (cf. Fig. 14) , which
is unaffected by the distance estimate. On the contrary, the age
estimate using the new distance suggests that the Chamaeleon I
stellar population is . 1 Myr younger than previously found.
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Fig. 14. Hertzsprung Russel diagram (HRD) of the young stars with
disks in the Chamaeleon I region studied by Manara et al. (2016, 2017).
The red diamonds and blue circles are used for L? computed with the
distance of 160 pc found by Whittet et al. (1997) and using our distance
of 179 pc, respectively. Typical uncertainties are shown with a cross
in the bottom left. The evolutionary models (isochrones in solid lines
and evolutionary tracks with dashed lines) are taken from Baraffe et al.
(2015).
4.2. The connection between the Chameleon clouds and
large scale structures
Now that the distance of the three Chamaeleon clouds is con-
strained we put this information together with the position of
these clouds in galactic coordinates to investigate the connection
between these clouds and large-scale structures in the Milky Way
galaxy.
We have shown that the Chamaeleon I and Chamaeleon II
clouds are both at ∼180 pc from us, while the Chamaeleon III
region is slightly further away. According to Corradi et al.
(1997), there is negligible interstellar material between us and
the Chamaeleon-Musca complex, as observed by the low extinc-
tion measured. Thus, emission from dust particles should arise
from clouds located at the same distance or further away than the
Chamaeleon-Musca complex. We show in Fig. 15 a dust density
map of this complex, which shows the presence of dust struc-
tures connecting the three Chamaeleon clouds with each other
and with the Musca cloud. This structure could represent a phys-
ical link between the clouds.
We discuss the connection between this structure and larger
scale ones in the context of two hypotheses reported in the lit-
erature. King et al. (1979) observed the nebulosity structures
in the vicinity of the southern Celestial Pole and proposed the
existence of a sheet-like structure of clouds extending in paral-
lel to the galactic plane and southwards from it, with a distance
of between 40 and 80 pc from the plane. On the contrary, Cor-
radi et al. (1997) investigated the color excess as a function of
distance in a large region of the sky ranging from the South-
ern Coalsack (l=300◦,b=0◦) to the Chamaeleon-Musca complex
(l=300◦,b=−15◦), They found evidence of a possible physical
association between these two structures, and thus hypothesized
the existence of a sheet-like structure of clouds perpendicular
to the galactic plane They suggested that these clouds could be
over-densities formed at the interface between the Local and
Loop I bubbles.
Article number, page 9 of 20
A&A proofs: manuscript no. voirin17_arxiv
10h00m00.00s11h00m00.00s12h00m00.00s13h00m00.00s14h00m00.00s
RA (J2000)
-80°00'00.0"
-78°00'00.0"
-76°00'00.0"
-74°00'00.0"
-72°00'00.0"
De
c 
(J2
00
0)
Cha I
Cha III
Musca
Cha II
Fig. 15. IRAS 100µm flux map of Chamaeleon-Musca region. The six
contours range from 8MJy/sr to 30 MJy/sr.
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Fig. 16. Schematic view of the large scale structure of the dust clouds
in the direction of the Chamaeleon-Musca complex. The location of the
Sun is represented with a yellow circle, while the blue, red, green, and
black points represent the location of the three Chamaeleon clouds and
southern Coalsack dark cloud, respectively, derived using the distances
from our work in the case of the Chamaeleon clouds, and the galac-
tic coordinates of the objects. The large gray and green cloud are the
dust and gas hypothetical structure proposed by King et al. (1979) and
Corradi et al. (1997), respectively, as discussed in the text.
Table 8. zs and xs for the studied clouds
Name Gal. Latitude zs [pc] xs [pc]
Chamaeleon I −16 ± 1 49 ± 4 172 ± 13
Chamaeleon II −14 ± 1 44 ± 3 176 ± 14
Chamaeleon III −17 ± 1 56 ± 6 185 ± 21
Mean 49 ± 7 176 ± 7
We represent our results and these two hypotheses with a
scheme in Fig. 16. The distance to the sheet of clouds parallel
to the galactic plane (zs) and the one to the sheet of clouds per-
pendicular to it (xs) are obtained using the following equations:
zs = d · sin(|b|) and xs = d · cos(|b|), (6)
where d is the distance and b the galactic latitude of the clouds.
We can determine the distance from the galactic plane to the
sheet of clouds parallel to it (King et al. 1979), and the one from
the Sun to the sheet of clouds perpendicular to the galactic plane
(Corradi et al. 1997) using the distance to the three Chamaeleon
dark clouds. The values obtained with the distance to each of
the clouds are reported in Table 8. All the three estimates of
the distance of the hypothetical parallel sheet of clouds from the
galactic plane are consistent with each other within 2σ, at most,
and similarly are the distances from the Sun of the perpendicu-
lar sheet of clouds. Thus, we cannot distinguish between the two
hypotheses solely based on the measured distances to the three
Chamaeleon clouds.
An independent information on the distance to the southern
Coalsack region leads us to consider the hypothesis of a sheet
of clouds perpendicular to the galactic plane a viable possibility.
This region is located at galactic latitude b = 0◦, and thus xs
corresponds to its distance (see Eq. 6). The distance to this re-
gion was measured by Rodgers (1960) and Franco (1989) to be
174± 18 pc and 180± 26 pc, respectively. These values are well
compatible with the values of xs derived here using the distance
to the Chamaleon I and II clouds, which supports the hypothesis
of the existence of a sheet of clouds perpendicular to the galactic
plane. However, we cannot with our data discard either of the
two hypothesis, or that both structures exist.
Finally, we try to put more stringent constraints on the dis-
tance to the Musca cloud in the context of the two hypotheses of
large scale structures we discussed. By knowing the galactic lati-
tude of this region (b = -9 deg) and assuming the values of xs and
zs of Table 8 we can invert Eq. 6 to infer a distance to the Musca
cloud. The result of this exercise is a distance dparallel = 311± 54
pc or dperpendicular = 179 ± 7 pc according to the two hypotheses,
respectively. Both values are well consistent with the loose upper
limit we have derived from the color excess analysis.
5. Conclusion
In this work we have used the newly released data from the Data
Release 1 of the Gaia satellite, in particular the parallax esti-
mates from the TGAS catalog, to constrain the distance to the
four main clouds in the Chamaeleon-Musca complex. Due to the
limiting magnitude of the TGAS catalog we were able to derive
a distance by directly computing the mean value of the distances
to members only in the Chamaeleon I cloud. This analysis of
the distances to the members led us to estimate a distance of
188+6+11−6−10 pc for this cloud, where the errors are the statistical and
systematic one, respectively.
We then combine the parallax values from the TGAS catalog
for stars on the line of sight of the Chamaeleon-Musca clouds
with measurements of their E(B−V) color excess. By measuring
the parallax at which we observe an increase of the color excess
to values larger than zero we are able to locate the front edge of
the cloud, and thus to infer its distance. This method allows us to
measure a distance of 179+11+11−10−10 pc to the Chamaeleon I cloud,
which is compatible with the distance to the members and further
away than the previously assumed distance to this cloud. The
reason for the difference is a difference in the photometric dis-
tance estimates with respect to the TGAS distances, which shows
the importance of parallax based distances for the analysis. Fur-
thermore, we confirm the distance to the Chamaeleon II cloud
with the reddening turn-on method, and measure a distance of
181+6+11−5−10 pc, consistent with the one to the Chamaeleon I cloud.
We are then able to measure for the first time the distance to
the Chamaeleon III cloud, which is found to be 193+8+12−7−11 pc, and
only to suggest that the distance to the Musca cloud is smaller
than 603+91+133−70−92 pc.
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The newly estimated further distance to the Chamaeleon I
cloud results in an increase of the stellar luminosities of 25%,
which implies a slightly younger age for this region by .1 Myr,
but it affects the other stellar properties only within their uncer-
tainties.
Finally, we have discussed the relation of the clouds in
the Chamaeleon-Musca region with two different possible large
scale cloud structures hypothesized in the literature, namely a
sheet of cloud parallel or perpendicular to the galactic plane. The
distances we measured to the three Chamaeleon clouds, com-
bined with their galactic coordinates, do not allow us to rule
out either of the hypotheses. In the context of these hypotheses,
we compute two possible distances to the Musca cloud, namely
dparallel = 311 ± 54 pc and dperpendicular = 179 ± 7 pc.
The major limitation of our study is represented by the lim-
ited number of members of the targeted clouds included in the
TGAS catalog, mainly due to the limiting magnitude of this cat-
alog. This limitation will be largely overcome by the future Gaia
Data Release 2, planned for April 2018. Parallaxes for stars as
faint as G ∼ 20 magnitudes will be included, and will allow
us to use the distance to a larger number of members to derive
the distances to nearby star forming regions (d .300 pc). On
the other hand, we will be able to apply the reddening turn-on
method to star forming clouds even in the cases where the mem-
bers of the region are too faint to be included in the Gaia catalog,
for example where most of their members are still embedded in
their envelope or where star formation has not started yet.
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Appendix A: Color Magnitude Diagrams to
determine luminosity classes of stars
Our method of deriving distances to dark clouds from the deter-
mination of the reddening turn-on distance relies on the avail-
ability of spectral type, luminosity class, photometry, and dis-
tance for each star on the line-of-sight. Here we describe how we
derive the luminosity class for the targets when this is not avail-
able in the literature. We convert the observed V magnitude of
the targets into absolute magnitude using the parallax estimates
from the TGAS catalog converted into distances as discussed by
Astraatmadja & Bailer-Jones (2016). Here we use the standard
deviation on the mode of the posteriors as an uncertainty on the
distance. This value is well in line with using the 5 and 95 per-
centile of the posteriors for small parallax errors, as in the major-
ity of the stars used here. Small differences in these uncertainties
causing a misclassification do not affect the results significantly,
as we discuss in the following. We use this information together
with the B − V color to locate the stars on the color-magnitude
diagram (CMD). Then, we compare the location of the stars on
the CMD with the color and magnitudes reported for different
luminosity classes by Pecaut & Mamajek (2013) for dwarfs (V)
and K1-M5 sub-giants (IV), and by Gottlieb (1978) for earlier
type sub-giants, for giants (III), and for luminosity classes I and
II.
Fig. A.1 shows the CMD for stars on the line-of-sight of the
Chamaeleon I cloud which have both spectral type and luminos-
ity class reported in the literature. This diagram confirms that
the luminosity class estimated in the literature agrees with the
loci expected for the different luminosity classes, with only a
few outliers. We note, however, that a misclassification in the
luminosity class between sub-giants and dwarfs would have a
limited effect on the color excess value. Indeed, the difference in
E(B − V) between a B8V star and a B8IV star is of 0.018 mag,
and similar for other spectral types. This uncertainty is included
in the error budget and does not affect substantially our analysis.
Finally, we note that the reddening vector is parallel to the dwarf
and sub-giant locus, as shown on Fig. A.1, thus increasing values
of extinction do not affect our results.
The CMDs used to determine the luminosity class for stars
on the line of sight of the four clouds analyzed here are shown
in Figs. A.2, A.3, A.4 and A.5 for the Chamaeleon I, II, III, and
Musca clouds, respectively. Most of the stars in the line-of-sight
of the Chamaeleon I and II have luminosity class V, with only
two exceptions in each region. In the Chamaleon III line of sight,
instead, seven stars are not of luminosity class V, and an higher
fraction of luminosity class III and IV is present on the line-of-
sight of the Musca cloud.
Appendix B: Discrepancies between photometric
distances and TGAS distances
The previous estimate of the distance to the Chamaeleon I cloud
of 160±15 pc was obtained by Whittet et al. (1997) using the
same reddening turn-on method as used by us. Here we inves-
tigate the origin of the different estimate, which is related to
the difference in the distances estimated from the TGAS par-
allax versus the photometric distances used by Whittet et al.
(1997), shown in Fig. B.1 for the stars in common in the two
works. These values are reported in Table B.1. While there is
an agreement between the two methods for four stars with dis-
tances smaller than 150 pc and for one star at ∼200 pc, there
are four additional stars (TYC 9414-642-1, TYC 9410-2627-1,
TYC 9410-2608-1, 9411-998-1) for which the two methods do
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Fig. A.1. Absolute V magnitude versus B − V color for the stars on
the line-of-sight of the Chamaeleon I cloud with known spectral type
and luminosity class, as labeled. The black line represents the Main Se-
quence locus, the dashed line represent the Giants locus and the dotted
line the Sub-Giants locus (Pecaut & Mamajek 2013; Gottlieb 1978, see
text for details). The dashed and dotted line represent the limit between
luminosity class V, IV/V and IV. The black arrow is the reddening vec-
tor.
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Fig. A.2. Absolute V magnitude versus B − V color for the stars on the
line-of-sight of the Chamaeleon I cloud without an estimate of the lumi-
nosity class. Red symbols are used for stars with spectral type derived
from spectroscopy and missing the luminosity class, while blue sym-
bols are used when only the effective temperature is available. Lines are
as in Fig. A.1.
not agree, with the TGAS distances being significantly larger.
These stars were considered to be in front of the cloud by Whit-
tet et al. (1997) based on the photometric distances, while they
appear to be behind the cloud with the TGAS estimates.
We first explore the possibility that the differences are due
to the reddening law assumed by Whittet et al. (1997) and used
to compute the photometric distance. They assumed a value of
RV = 1.1×E(V−K)/E(B−V), which results in very different val-
ues from one target to another. We thus assume RV = 3.1 for all
the stars and recalculate their photometric distances. As shown
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Fig. A.3. Same as Fig. A.2 for stars on the line-of-sight of the
Chamaeleon II cloud.
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Fig. A.4. Same as Fig. A.2 for stars on the line-of-sight of the
Chamaeleon III cloud.
in Fig. B.1, the differences in the photometric distances are too
small to explain the discrepancy between the two methods.
We thus consider the hypothesis that the luminosity class of
the stars was incorrectly estimated, and for this aim we show in
Fig. B.2 the CMD of the stars in Table B.1, where the absolute
V magnitudes are computed using the TGAS distances. The four
F-type dwarfs and the K-type giant are the five stars for which
the distances derived with the two methods are compatible. Also
their positions on the CMD is always consistent with the lumi-
nosity class assumed by Whittet et al. (1997). Similarly, the G-
type sub-giant is still consistent with the previously assumed lu-
minosity class, and thus the discrepancy between the photomet-
ric distance and the TGAS distance cannot be explained with this
argument. On the opposite, we find that the luminosity class was
incorrectly estimated for the remaining three stars with discrep-
ancy in the distances estimates with the two methods. Once we
compute the photometric distances with the correct luminosity
class and assuming RV = 3.1 (Fig. B.1) we find a better agree-
ment between this distance and the TGAS distances.
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Fig. A.5. Same as Fig. A.2 for stars on the line-of-sight of the Musca
cloud.
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Fig. B.1. Distances estimated from TGAS parallax measurements ver-
sus the photometric distances used by Whittet et al. (1997) for the same
stars, shown with blue points. Red diamonds are used to show the pho-
tometric distance computed assuming RV = 3.1, and purple triangles
the same value correcting the luminosity class of the targets using their
position on the CMD in Fig. B.2.
We conclude that the reason for the different estimate of
the distance to the Chamaeleon I cloud is due to the incorrect
estimate of the photometric distance of four stars in the work
by Whittet et al. (1997), which lead the authors to derive a
closer distance to this region. The reason for the erroneously es-
timated photometric distances is due to a wrong luminosity class
determination for these targets. Once correcting for this error,
the agreement between the TGAS and photometric distances is
good. This shows the importance of having distances estimates
derived from parallaxes, as these are independent on the stellar
parameters.
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Table B.1. Objects used in the comparison
Tycho 2 Id dphot [pc] dTGAS [pc]
TYC 9414-642-1 137 270
TYC 9410-2627-1 170 375
TYC 9410-2608-1 154 327
TYC 9411-998-1 121 219
TYC 9414-292-1 196 207
TYC 9415-1291-1 114 122
TYC 9411-909-1 131 138
TYC 9414-695-1 101 95
TYC 9411-1502-1 144 119
References. Photometric distance are taken from Whittet et al. (1997)
and the TGAS distances are taken from Astraatmadja & Bailer-Jones
(2016)
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Fig. B.2. CMD of the stars in Table B.1. The absolute magnitude are
computed using the TGAS distances and the B and V are taken from
Høg et al. (2000). The Tycho 2 id and spectral classification (Whittet
et al. 1997) of each star is reported and the lum. class corresponding to
the position on the CMD computed with the TGAS distance.
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Table 3. Catalog of of stars on the line of sight of the Chamaeleon I cloud used in this research
Name Ra (ICRS) Dec (ICRS) Vt Bt SpT Teff [K] E(B−V) σE(B−V) d [pc] σd Ref.
Field Stars
TYC 9410-508-1 160.868216 -76.580778 8.69 9.55 G5V ... 0.050 0.023 63 1 1
TYC 9410-46-1 160.981871 -76.708203 11.54 12.16 K2V 5064 -0.363 0.166 162 8 9
TYC 9410-2308-1 161.002202 -76.161670 11.83 13.36 K4IV/V 4572 0.194 0.275 165 8 9
TYC 9414-456-1 161.255224 -77.246271 8.95 10.29 G8III ... 0.193 0.035 228 13 1
TYC 9410-2267-1 161.372321 -76.332288 10.54 11.29 G5 ... -0.038 0.057 139 6 4
TYC 9414-1217-1 161.403717 -78.542314 11.71 12.66 G9V 5382 0.032 0.195 190 14 9
TYC 9414-1061-1 161.564597 -78.545900 11.79 12.37 K6V 4200 -0.766 0.247 193 13 9
TYC 9418-1454-1 161.862506 -78.758663 11.08 11.88 G5 ... 0.008 0.086 178 8 6
TYC 9414-415-1 162.166119 -77.419907 11.06 11.66 G6V 5613 -0.197 0.101 164 8 9
TYC 9414-278-1 162.214613 -77.203890 10.24 10.98 K0 ... -0.184 0.066 130 6 5
TYC 9414-28-1 162.255449 -76.907728 10.33 12.27 K4III ... 0.231 0.188 730 315 3
TYC 9410-2438-1 162.291829 -76.237246 8.32 8.62 A1IV ... 0.233 0.044 252 18 1
TYC 9414-224-1 162.380665 -77.109418 9.23 9.81 F8IV/V ... -0.031 0.027 162 6 1
TYC 9414-926-1 162.646985 -78.568704 11.78 12.67 K1V 5146 -0.092 0.207 150 7 9
TYC 9414-219-1 162.653363 -77.968127 9.94 10.55 B8V ... 0.629 0.039 447 58 3
TYC 9414-48-1 162.732705 -77.124600 8.06 8.51 B4V ... 0.545 0.018 266 24 1
TYC 9414-707-1 162.816366 -77.410654 11.18 12.17 G2V 5811 0.192 0.133 156 7 9
TYC 9414-99-1 163.572856 -77.521715 10.02 10.45 F8 ... -0.170 0.041 143 12 4
TYC 9410-368-1 163.952335 -76.864033 11.09 11.76 A2V ... 0.490 0.089 477 179 3
TYC 9410-438-1 164.047545 -76.598003 10.42 10.69 B5V ... 0.382 0.048 481 62 3
TYC 9414-292-1 164.766076 -77.099141 9.68 11.64 K0III ... 0.670 0.119 207 15 3
TYC 9410-2587-1 164.915561 -76.404301 11.22 11.83 G2V ... -0.136 0.104 157 8 8
TYC 9414-178-1 165.088549 -77.026554 10.73 11.60 G5 ... 0.052 0.077 139 14 6
TYC 9410-2763-1 165.308479 -76.540742 10.71 11.35 B9V ... 0.615 0.074 541 98 3
TYC 9414-193-1 165.332242 -77.603393 9.24 9.88 F8V ... 0.011 0.027 124 5 1
TYC 9410-532-1 165.357392 -76.751956 9.88 10.43 A9V ... 0.212 0.041 186 20 8
TYC 9414-642-1 165.797901 -77.351211 11.60 12.90 G2V ... 0.457 0.222 270 30 8
TYC 9414-631-1 165.807731 -78.191607 11.17 12.73 K5V 4500 0.195 0.200 83 2 10
TYC 9410-2781-1 165.925807 -76.553458 11.71 12.62 K3V 4800 -0.221 0.234 102 3 10
TYC 9410-464-1 166.032810 -76.870223 11.56 14.16 K3III ... 0.932 0.435 840 883 3
TYC 9410-2362-1 166.042540 -76.371735 10.97 11.82 A7V ... 0.516 0.093 684 220 8
TYC 9418-14-1 166.081702 -78.868312 8.95 9.92 K0V ... 0.006 0.031 46 0 1
TYC 9410-2504-1 166.158603 -76.317068 11.44 12.18 F8V ... 0.102 0.152 214 13 8
TYC 9410-2172-1 166.182226 -76.279181 11.56 12.62 F5V ... 0.458 0.214 859 347 8
TYC 9410-496-1 166.272420 -76.780605 11.92 13.25 K1IV/V 5217 0.206 0.300 186 12 9
TYC 9410-230-1 166.764576 -76.595474 12.26 13.41 K1V 5155 0.124 0.340 184 35 10
TYC 9410-2094-1 166.810267 -76.228772 11.47 12.57 G8V 5435 0.198 0.192 130 6 9
TYC 9410-408-1 167.038953 -76.707223 10.06 10.70 F7V 6236 0.034 0.043 165 8 9
TYC 9414-695-1 167.326314 -77.794525 8.55 9.05 F5V ... -0.013 0.029 95 3 1
TYC 9414-341-1 167.576825 -78.282897 11.22 11.79 K0V 5287 -0.332 0.113 191 11 9
TYC 9410-1834-1 167.716180 -76.110897 8.79 9.51 G3V ... -0.056 0.021 121 9 8
TYC 9410-2449-1 168.359348 -76.323246 11.66 12.38 G2V ... -0.041 0.170 242 26 8
TYC 9414-649-1 168.450598 -77.836635 11.73 13.21 G7III ... 0.319 0.302 212 24 8
TYC 9414-692-1 168.499507 -78.312784 9.74 10.45 G2V 5761 -0.048 0.039 132 4 10
TYC 9414-462-1 168.538915 -77.247064 11.12 13.29 K3III ... 0.565 0.318 633 463 8
TYC 9414-260-1 168.546833 -77.020894 11.02 11.62 F2V ... 0.138 0.086 330 34 8
TYC 9418-1195-1 168.580385 -78.801584 10.46 11.44 G5 ... 0.160 0.063 133 5 4
TYC 9414-392-1 168.622063 -77.118579 11.26 12.12 G2V ... 0.082 0.131 180 13 8
TYC 9414-46-1 168.687976 -76.972473 11.46 12.89 G4III ... 0.391 0.217 870 443 8
TYC 9414-542-1 168.820157 -77.518391 7.67 8.22 B8III ... 0.576 0.034 280 21 1
TYC 9410-1825-1 168.822008 -76.149095 11.74 12.09 B9V ... 0.369 0.142 759 444 8
TYC 9410-2634-1 168.877424 -76.483964 11.82 13.44 F8V ... 0.842 0.299 253 39 8
TYC 9410-2731-1 168.988700 -76.485709 11.50 14.12 M0III ... 0.679 0.366 903 1060 8
References.
- Spectral type reference : (1) Houk & Cowley (1975); (2) Appenzeller (1977); (3) Vrba & Rydgren (1984); (4) Bastian & Röser (1993);(5)
Nesterov et al. (1995); (6) Jackson & Stoy (1996); (7) Torres et al. (2006); (8) Andersson et al. (2011).
- Effective Temperature reference : (9) Ammons et al. (2006); (10) Kordopatis et al. (2013).
- Vt and Bt are taken from Høg et al. (2000).
- The distance are taken from Astraatmadja & Bailer-Jones (2016) based on TGAS.
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Table 3. continued.
Name Ra (ICRS) Dec (ICRS) Vt Bt SpT Teff [K] E(B−V) σE(B−V) d [pc] σd Ref.
TYC 9414-849-1 169.150815 -78.715828 10.65 11.55 G7V 5512 0.049 0.064 119 4 9
TYC 9410-2612-1 169.378169 -76.452163 10.29 12.68 M3III ... 0.421 0.178 1232 969 8
TYC 9418-716-1 169.412021 -78.865635 11.73 13.16 K5V 4472 0.078 0.248 101 6 10
TYC 9414-80-1 169.582445 -77.121264 10.10 11.39 G7III ... 0.158 0.060 440 53 8
TYC 9410-488-1 169.588064 -76.682217 11.04 13.70 K6III ... 0.758 0.294 1783 1182 8
TYC 9418-610-1 169.590124 -78.819131 10.42 10.90 F8V 6167 -0.125 0.046 176 14 10
References.
- Spectral type reference : (1) Houk & Cowley (1975); (2) Appenzeller (1977); (3) Vrba & Rydgren (1984); (4) Bastian & Röser (1993);(5)
Nesterov et al. (1995); (6) Jackson & Stoy (1996); (7) Torres et al. (2006); (8) Andersson et al. (2011).
- Effective Temperature reference : (9) Ammons et al. (2006); (10) Kordopatis et al. (2013).
- Vt and Bt are taken from Høg et al. (2000).
- The distance are taken from Astraatmadja & Bailer-Jones (2016) based on TGAS.
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Table 4. Catalog of of stars on the line of sight of the Chamaeleon II cloud used in this research
Name Ra (ICRS) Dec (ICRS) Vt Bt SpT Teff [K] E(B−V) σE(B−V) d [pc] σd Ref.
Field Stars
TYC 9416-302-1 189.088504 -77.702072 9.09 9.76 G0V ... -0.021 0.022 100 3 1
TYC 9412-48-1 189.283711 -76.824509 10.40 11.19 G5 ... -0.003 0.057 151 10 3
TYC 9412-611-1 189.727451 -76.066041 6.97 9.02 K4III ... 0.320 0.016 216 16 1
TYC 9416-279-1 189.841740 -77.846092 9.28 10.54 G6III ... 0.152 0.030 367 40 1
TYC 9417-1732-1 190.177962 -77.948498 8.97 10.79 K2III ... 0.380 0.034 547 91 1
TYC 9413-1-1 190.517227 -76.785004 10.29 10.94 G0V 5917 -0.044 0.052 164 8 5
TYC 9413-2300-1 190.535448 -76.573299 11.84 12.55 K3V 4796 -0.383 0.210 149 22 6
TYC 9417-58-1 190.771915 -77.351070 8.68 9.06 B9IV ... 0.370 0.018 301 22 1
TYC 9413-1434-1 190.826348 -76.283027 12.21 13.29 K4V 4718 -0.178 0.318 200 19 5
TYC 9417-587-1 191.578906 -78.438418 10.82 11.36 F8 ... -0.070 0.075 178 8 3
TYC 9413-2539-1 191.614882 -76.707284 11.46 12.39 K6V 4265 -0.466 0.203 200 13 5
TYC 9417-1920-1 191.865764 -77.081772 10.79 11.79 F8 ... 0.317 0.077 195 25 4
TYC 9417-156-1 192.549518 -77.425046 11.19 11.87 K1V 5198 -0.272 0.104 151 6 5
TYC 9417-891-1 193.004135 -78.037554 11.45 13.55 G5III ... 0.907 0.292 1113 812 2
TYC 9417-1367-1 193.022889 -77.914597 9.85 10.52 F8V 6115 0.044 0.036 121 4 5
TYC 9417-560-1 193.061285 -77.378283 11.11 11.74 A5V ... 0.379 0.081 286 22 2
TYC 9417-1193-1 193.284001 -78.062156 11.31 12.63 K0III ... 0.123 0.182 480 62 2
TYC 9417-87-1 193.421521 -78.413817 10.99 12.03 K4V 4682 -0.220 0.119 65 1 5
TYC 9417-877-1 193.539396 -78.037035 7.94 9.43 K0III ... 0.267 0.019 184 8 1
TYC 9413-1970-1 193.575886 -76.413166 10.87 11.92 K2IV/V 5071 -0.021 0.093 209 11 5
TYC 9413-1821-1 193.602903 -76.175376 9.82 11.06 G8/K0III ... 0.110 0.046 186 11 1
TYC 9417-518-1 193.624030 -77.482674 11.32 11.98 A7V ... 0.354 0.106 416 388 2
TYC 9417-1320-1 194.754427 -78.039813 12.40 13.00 M1.5V 3647 -0.975 0.358 199 10 5
TYC 9417-1726-1 194.780652 -77.802499 11.15 11.96 G2V 5772 0.032 0.097 183 11 5
TYC 9413-1675-1 194.909860 -76.081359 10.28 11.27 K0 ... 0.023 0.063 56 1 4
TYC 9417-1432-1 195.083920 -77.865309 11.50 12.09 F0V ... 0.207 0.127 364 49 2
TYC 9417-1915-1 195.172404 -76.974126 10.94 11.78 G1V ... 0.109 0.085 136 5 2
TYC 9413-169-1 195.187412 -76.791959 10.88 11.61 G0 ... 0.025 0.092 194 11 3
TYC 9417-675-1 195.265157 -78.206597 10.51 12.75 K3III ... 0.619 0.178 621 392 2
TYC 9417-1924-1 195.493968 -76.920605 11.03 12.53 K1III ... 0.182 0.178 981 537 2
TYC 9417-1595-1 195.531262 -77.851905 11.11 12.05 K3V ... -0.191 0.111 87 2 2
TYC 9417-1646-1 195.574668 -77.845509 11.54 12.34 F5III ... 0.220 0.159 415 47 2
TYC 9417-1873-1 195.620861 -77.170378 10.37 12.28 K3III ... 0.344 0.138 619 166 2
TYC 9417-1119-1 195.986743 -78.368489 11.66 12.61 K0V 5298 -0.009 0.206 149 6 5
TYC 9417-698-1 195.989636 -77.514367 12.62 13.64 G1V ... 0.265 0.362 207 18 2
TYC 9413-2550-1 196.229021 -76.649512 8.72 9.16 F2IV ... 0.023 0.019 157 9 1
TYC 9413-1000-1 196.578609 -76.001823 10.13 10.88 F8/G2V ... 0.048 0.044 178 8 1
TYC 9417-232-1 196.891525 -77.221583 9.96 10.38 A0V ... 0.355 0.035 331 46 1
TYC 9413-2441-1 196.978742 -76.182897 9.95 10.75 G8/K1V ... -0.348 0.041 65 1 1
TYC 9413-97-1 197.072476 -76.843349 10.42 10.66 A0V ... 0.208 0.045 389 59 1
TYC 9417-730-1 197.206239 -77.296039 10.39 12.13 K1III ... 0.377 0.115 610 455 2
TYC 9417-1823-1 197.340652 -76.946374 9.98 11.11 G4III ... 0.131 0.047 670 373 2
TYC 9417-152-1 197.526954 -77.247556 9.68 9.97 A2III/IV ... 0.202 0.028 281 23 1
TYC 9417-1712-1 197.995827 -77.722052 10.45 11.06 F3V ... 0.138 0.054 208 13 2
References.
- Spectral type reference : (1) Houk & Cowley (1975); (2) Hughes & Hartigan (1992); (3) Bastian & Röser (1993); (4) Jackson & Stoy (1996).
- Effective Temperature reference : (4) Ammons et al. (2006); (5) Kordopatis et al. (2013).
- Vt and Bt are taken from Høg et al. (2000).
- The distance are taken from Astraatmadja & Bailer-Jones (2016) based on TGAS.
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Table 5. Catalog of of stars on the line of sight of the Chamaeleon III cloud used in this research
Name Ra (ICRS) Dec (ICRS) Vt Bt SpT Teff [K] E(B−V) σE(B−V) d [pc] σd Ref.
Field Stars
TYC 9420-439-1 184.362157 -80.585270 8.63 9.62 G4III ... 0.010 0.021 268 19 3
TYC 9420-1202-1 184.509344 -79.695839 10.79 11.46 F0 ... 0.278 0.082 246 21 4
TYC 9420-1235-1 185.117516 -79.298279 10.69 11.57 G5 ... 0.072 0.075 152 9 4
TYC 9420-1121-1 185.436109 -79.466644 7.51 7.55 A1V ... -0.006 0.016 154 7 1
TYC 9420-1483-1 185.468407 -79.525054 9.62 10.00 F0 ... 0.028 0.049 170 8 2
TYC 9424-756-1 185.568779 -80.962481 10.21 10.88 F8 ... 0.040 0.047 122 4 2
TYC 9424-37-1 185.763786 -81.796423 11.10 11.75 K4V 4689 -0.548 0.131 217 14 5
TYC 9424-743-1 185.783305 -81.559758 12.35 13.75 K3V 4769 0.206 0.312 189 10 5
TYC 9424-795-1 185.969374 -81.354016 8.50 8.96 A8IV ... 0.136 0.018 316 27 1
TYC 9420-1181-1 186.159243 -79.302519 10.83 11.52 G0 ... -0.012 0.085 177 10 2
TYC 9420-1-1 187.826019 -80.039168 11.08 12.51 K1V 5115 0.374 0.178 104 4 5
TYC 9420-107-1 187.974705 -80.193543 9.48 10.05 G0 ... -0.106 0.051 106 3 2
TYC 9420-339-1 188.076799 -79.783818 7.10 7.18 A0V ... 0.065 0.015 154 9 1
TYC 9420-320-1 188.210984 -79.057732 11.87 12.84 G8V 5452 0.090 0.209 175 12 5
TYC 9420-426-1 188.335188 -79.357768 11.35 12.51 G9IV/V 5362 0.135 0.153 194 15 5
TYC 9420-411-1 188.378563 -79.754723 9.04 9.57 F7V ... -0.060 0.021 121 3 1
TYC 9420-72-1 188.589597 -79.677933 10.70 11.32 F8 ... 0.000 0.064 220 12 2
TYC 9420-112-1 189.044929 -79.527371 11.48 13.01 K6V 4306 0.039 0.239 79 2 5
TYC 9420-68-1 189.067068 -79.526283 11.16 12.59 K3V 4934 0.225 0.162 77 2 5
TYC 9424-191-1 189.710111 -80.673848 10.76 11.48 G6V 5563 -0.095 0.068 143 6 6
TYC 9424-491-1 189.785193 -81.699802 11.07 11.80 G7V 5530 -0.098 0.081 236 43 5
TYC 9424-245-1 189.956631 -80.889986 9.39 10.90 K3IV 4505 0.263 0.058 245 18 5
TYC 9421-168-1 191.466754 -79.462328 8.64 9.21 F7V ... -0.030 0.018 135 5 1
TYC 9425-804-1 191.499319 -81.679202 10.91 11.91 G8IV/V 5465 0.049 0.079 222 16 5
TYC 9425-717-1 191.657332 -80.902973 10.11 10.59 F8 ... -0.121 0.045 184 8 2
TYC 9425-608-1 191.747790 -81.264530 11.22 12.16 G3V 5702 0.136 0.120 195 13 5
TYC 9421-183-1 192.003101 -80.439730 11.57 12.69 K4IV/V 4546 -0.156 0.185 198 11 5
TYC 9425-1095-1 192.036601 -80.687633 11.54 13.36 G9IV/V 5344 0.692 0.293 194 23 6
TYC 9421-1019-1 192.172120 -79.780663 10.22 12.13 K3IV 4596 0.611 0.113 214 22 6
TYC 9425-398-1 192.195763 -81.688287 11.56 12.03 K4V 4599 -0.702 0.169 234 24 5
TYC 9425-1069-1 192.383889 -80.702354 7.22 7.43 A3/5IV ... 0.059 0.015 178 9 1
TYC 9421-1284-1 192.892038 -79.025840 10.30 11.05 F8 ... 0.108 0.053 164 16 2
TYC 9425-443-1 193.185072 -81.870645 10.05 10.18 A0V ... 0.111 0.031 623 250 1
TYC 9425-976-1 193.310927 -80.972750 10.00 10.55 F9V 5995 -0.085 0.044 233 15 5
TYC 9421-713-1 193.656483 -80.072813 10.07 10.87 G2V 5752 0.034 0.048 93 2 5
TYC 9421-1213-1 193.866040 -80.000583 11.64 13.46 K2IV/V 5012 0.634 0.304 144 6 6
TYC 9421-704-1 194.036907 -79.432958 10.79 11.54 K2V 5040 -0.256 0.086 204 21 5
TYC 9425-19-1 194.463133 -80.651948 10.88 11.56 G8V 5451 -0.158 0.081 144 23 5
TYC 9421-683-1 194.928284 -79.946768 8.13 8.21 A1V ... 0.028 0.017 170 8 1
References.
- Spectral type reference : (1) Houk & Cowley (1975); (2) Bastian & Röser (1993); (3) Torres et al. (2006); (4) Jackson & Stoy (1996).
- Effective Temperature reference : (5) Ammons et al. (2006); (6) Kordopatis et al. (2013).
- Vt and Bt are taken from Høg et al. (2000).
- The distance are taken from Astraatmadja & Bailer-Jones (2016) based on TGAS.
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Table 6. Catalog of stars on the line of sight of the Musca cloud used in this research
Name Ra (ICRS) Dec (ICRS) Vt Bt SpT Teff [K] E(B−V) σE(B−V) d [pc] σd Ref.
Field Stars
TYC 9235-75-1 184.744341 -72.623027 10.98 11.64 F8IV 6104 0.039 0.117 343 49 2
TYC 9235-46-1 185.253211 -72.056947 11.22 11.76 K2V 5042 -0.436 0.140 150 9 2
TYC 9235-679-1 185.265659 -72.815646 9.33 9.85 F6V ... -0.039 0.485 131 4 1
TYC 9235-735-1 185.519706 -72.458277 11.65 12.48 G9V 5365 -0.071 0.205 169 9 2
TYC 9235-880-1 185.978470 -72.262064 10.99 13.09 K1IV 4890 0.788 0.278 565 158 2
TYC 9236-2654-1 186.391663 -71.266527 11.59 11.90 G0III 5645 -0.391 0.200 1627 1231 2
TYC 9236-2708-1 186.440226 -71.798832 11.46 12.21 G7IV 5278 -0.212 0.155 777 243 2
TYC 9236-2694-1 186.477595 -71.283939 11.72 13.10 G0III 5645 0.510 0.281 1587 1385 2
TYC 9236-2833-1 186.540153 -71.819673 11.41 13.95 K3III 4250 0.877 0.384 1677 1205 3
TYC 9232-1139-1 186.560104 -71.043156 10.71 12.38 K3III 4250 0.139 0.194 1216 885 3
TYC 9236-2852-1 186.586967 -71.270860 11.69 12.13 F3IV 6657 0.002 0.204 757 640 2
TYC 9236-2551-1 186.590825 -71.309106 12.33 13.77 F5III 6339 0.766 0.385 1749 1554 2
TYC 9236-2559-1 186.612172 -71.292938 11.17 12.57 G9III 4788 0.224 0.157 1005 532 3
TYC 9236-2765-1 186.698257 -71.928683 11.04 12.60 G9III 4698 0.360 0.217 833 588 3
TYC 9232-987-1 186.714633 -71.209541 9.55 10.61 G8IV/V ... 0.161 0.738 169 7 1
TYC 9236-2625-1 186.793877 -71.757364 11.24 12.86 K0III 4661 0.378 0.220 907 537 3
TYC 9236-2475-1 186.822400 -71.529577 12.20 13.97 K7V 4088 0.172 0.396 161 8 2
TYC 9236-2525-1 186.829035 -71.667462 9.15 10.78 G8/K0III ... 0.406 0.981 504 70 1
TYC 9236-2787-1 186.934221 -71.291496 12.99 13.35 K5V 4491 -0.821 0.534 1171 731 2
TYC 9236-2618-1 186.965502 -71.527611 11.62 14.25 K1IV 4888 1.236 0.377 881 478 3
TYC 9236-2828-1 186.977664 -71.436525 11.37 12.20 M1.5V 3614 -0.782 0.246 241 15 2
TYC 9236-2608-1 186.998691 -71.258229 11.49 12.01 G8IV 5234 -0.444 0.147 843 311 2
TYC 9232-1571-1 187.009469 -70.871527 11.61 13.20 K4IV 4283 0.237 0.292 642 221 2
TYC 9232-1149-1 187.023990 -71.226137 10.75 12.91 K3IV 4453 0.816 0.190 588 381 3
TYC 9232-319-1 187.063387 -70.851113 11.88 14.04 K6IV 4000 0.589 0.364 866 605 2
TYC 9232-1377-1 187.222035 -71.011565 10.33 10.69 A9V 7416 0.051 0.187 596 385 2
TYC 9232-1021-1 187.432929 -71.218857 11.69 12.60 F2IV 6810 0.420 0.180 391 46 3
TYC 9232-331-1 187.461001 -70.815895 11.61 12.45 K4III 4156 -0.706 0.364 1937 1277 2
TYC 9232-659-1 187.538311 -70.804380 11.81 13.35 K1III 4576 0.212 0.313 2321 1668 3
TYC 9236-2491-1 187.542600 -71.534846 11.62 12.64 G0IV 6039 0.282 0.199 320 34 3
TYC 9232-1017-1 187.546179 -70.900162 12.19 12.75 K6V 4322 -0.783 0.345 402 64 2
TYC 9236-2877-1 187.669550 -71.413901 11.01 11.65 K5V 4459 -0.588 0.144 245 19 2
TYC 9232-1247-1 187.752816 -70.698897 11.20 12.10 G2IV 5887 0.123 0.124 609 133 2
TYC 9236-2502-1 187.806206 -71.471769 12.02 12.94 K2IV 4782 -0.146 0.251 757 303 2
TYC 9236-2580-1 187.839039 -71.528530 11.43 12.23 K1IV 4871 -0.317 0.151 643 379 2
TYC 9232-106-1 187.964050 -70.646002 9.46 10.81 G8/K0III ... 0.164 0.981 274 22 1
TYC 9232-1370-1 187.993974 -71.106936 12.54 13.70 K2III 4500 -0.186 0.347 1548 1372 3
TYC 9236-2603-1 188.094876 -71.327661 11.94 14.21 K3III 4250 0.652 0.423 1536 1207 3
TYC 9232-1237-1 188.105148 -70.687457 12.31 13.71 K5IV/V 4485 0.035 0.357 340 110 2
TYC 9236-2531-1 188.144294 -71.304669 11.78 12.56 G2IV 5845 0.011 0.214 657 167 2
TYC 9236-2832-1 188.291355 -71.254813 11.80 12.74 G9III 4781 -0.169 0.212 1153 785 2
TYC 9236-2539-1 188.516373 -71.266192 11.37 13.71 F4III 6512 1.565 0.360 1033 1405 2
TYC 9232-1331-1 188.552552 -70.523517 10.85 11.65 G2IV 5841 0.034 0.085 248 18 2
TYC 9232-1126-1 188.558231 -71.062732 12.40 13.01 F4III 6438 0.101 0.326 2513 1813 2
TYC 9232-729-1 188.565687 -71.106925 11.61 13.97 K4IV 4318 0.897 0.351 878 1349 3
TYC 9232-320-1 188.611316 -70.597344 11.51 13.32 K5III 4000 0.042 0.285 1915 1347 2
TYC 9232-884-1 188.649860 -71.115855 9.35 11.04 G8/K0III ... 0.460 0.981 391 53 1
TYC 9232-1173-1 188.663429 -71.237581 11.02 11.61 G4V 5673 -0.178 0.092 263 18 2
TYC 9232-247-1 188.812822 -70.305215 11.73 12.19 K1V 5136 -0.458 0.199 413 53 2
TYC 9232-1129-1 188.843248 -70.321599 9.31 9.68 F2V 6771 -0.066 0.081 238 15 2
TYC 9232-1431-1 188.916064 -70.517922 11.63 13.45 M0IV 3800 0.134 0.296 433 125 3
TYC 9232-1012-1 188.970454 -70.421836 11.20 12.04 K2V 5042 -0.177 0.107 101 2 2
TYC 9232-350-1 188.979805 -71.021352 11.06 11.90 K3V 4749 -0.274 0.116 215 12 2
TYC 9232-1228-1 188.991943 -70.965114 12.15 12.33 K5V 4348 -0.985 0.434 927 370 2
References.
- Spectral type reference : (1) Houk & Cowley (1975).
- Effective Temperature reference : (2) Ammons et al. (2006); (3) Kordopatis et al. (2013).
- Vt and Bt are taken from Høg et al. (2000).
- The distance are taken from Astraatmadja & Bailer-Jones (2016) based on TGAS.
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Table 6. continued.
Name Ra (ICRS) Dec (ICRS) Vt Bt SpT Teff [K] E(B−V) σE(B−V) d [pc] σd Ref.
TYC 9232-1582-1 189.038109 -70.324600 12.86 12.75 M7V 2650 -2.153 0.548 1277 1424 2
TYC 9232-811-1 189.057881 -70.318146 12.21 14.08 K5III 4000 0.084 0.377 1721 1382 3
TYC 9232-782-1 189.139606 -70.640857 11.79 12.68 G0V 5942 0.160 0.204 223 15 3
TYC 9232-236-1 189.184860 -70.224850 11.66 13.70 F5III 6337 1.273 0.308 1104 1182 2
TYC 9232-235-1 189.192594 -70.332111 11.32 12.74 K4III 4215 -0.215 0.233 1460 1010 3
TYC 9232-561-1 189.194959 -70.807272 12.09 12.88 K6V 4209 -0.582 0.269 295 25 2
TYC 9232-1392-1 189.263442 -70.782965 10.50 12.01 K3IV 4600 0.261 0.104 402 48 3
TYC 9232-1483-1 189.277034 -70.797565 11.23 11.30 F2III 6780 -0.297 0.235 1828 1493 2
TYC 9232-1584-1 189.281169 -70.410098 11.21 13.11 K7IV 3966 0.332 0.229 633 942 3
TYC 9232-1535-1 189.287324 -70.777418 11.09 11.51 F0III 7805 0.053 0.079 944 734 2
TYC 9232-1095-1 189.300499 -70.644492 11.01 11.52 K2V 4987 -0.454 0.095 141 5 2
TYC 9232-134-1 189.301922 -70.281244 11.40 12.88 K3III 4258 -0.019 0.247 1834 1280 3
TYC 9232-1166-1 189.312148 -70.472633 10.35 10.98 G6V 5576 -0.161 0.051 129 6 2
TYC 9232-400-1 189.339081 -70.352227 11.36 13.36 K4IV 4430 0.590 0.265 795 375 3
TYC 9232-73-1 189.340474 -70.309828 11.72 14.41 K5III 4000 0.788 0.419 1425 1192 3
TYC 9232-1287-1 189.431963 -70.805618 11.84 13.38 K2III 4509 0.147 0.300 2202 1658 3
TYC 9232-430-1 189.438833 -70.300674 13.11 13.19 M6V 2842 -1.935 0.648 622 153 2
TYC 9232-1430-1 189.444197 -70.290485 12.48 14.38 M4III 3546 -0.022 0.813 2218 1622 2
TYC 9232-1341-1 189.499866 -70.663582 8.59 8.78 B9III/IV ... 0.218 0.063 615 113 1
TYC 9232-633-1 189.508909 -70.741924 10.79 12.28 K3IV 4463 0.246 0.141 675 203 3
TYC 9232-1521-1 189.543697 -70.636117 11.61 13.15 K1III 4532 0.208 0.273 1065 819 3
TYC 9232-1592-1 189.569260 -70.655453 12.12 12.41 F0III 7715 -0.062 0.207 2055 1514 2
References.
- Spectral type reference : (1) Houk & Cowley (1975).
- Effective Temperature reference : (2) Ammons et al. (2006); (3) Kordopatis et al. (2013).
- Vt and Bt are taken from Høg et al. (2000).
- The distance are taken from Astraatmadja & Bailer-Jones (2016) based on TGAS.
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